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Radiological evidence of subclinical
dysphagia in motor neuron disease

Abstract Dysphagia in motor neuron showed that: (1) The oral phase of de-
disease (MND) may lead to danger- glutition was compromised most of-
ous complications such as cachexia ten, followed by the pharyngeal

and aspiration pneumonia. Functionaphase. (2) In all patients without clini-
evaluation of the oropharyngeal tract cal evidence of dysphagia, subclinical
is crucial for identifying specific videofluoroscopic alterations were
swallowing dysfunctions and planningpresent in a pattern similar to that
appropriate rehabilitation. As part of &ound in the dysphagic group. (3) Vi-
multidisciplinary study on the treat- deofluoroscopy was the most sensitive
ment of dysphagia in patients with  technique in identifying oropharyn-
neuromuscular diseases, 23 MND pageal alterations of swallowing. Im-
tients with different degrees of dysph-pairment of the oral phase, abnormal
agia underwent videoflouroscopy, vi- pharyngo-oesophageal motility and
deopharyngolaryngoscopy and incomplete relaxation of the upper oe-
pharyngo-oesophageal manometry. sophageal sphincter were the changes
The results of the three instrumental most sensitive in detecting dysphagia.
investigations were analysed in orderVideofluoroscopy was also capable of
(1) to define the pattern of swallowingdetecting preclinical abnormalities in
in MND patients complaining of dys- non-dysphagic patients who later de-
phagia; (2) to evaluate whether sub- veloped dysphagia. Practical guide-
clinical abnormalities may be detect- lines for the use of instrumental inves-
ed; and (3) to assess the role of videdigations in the assessment and man-
fluoroscopy, videopharyngolaryngo- agement of dysphagia in MND pa-
scopy and manometry in the evalua- tients are proposed.

tion of MND patients with deglutition

problems. Correlations between the Key words Motor neuron disease
instrumental findings and clinical fea- (MND) - Deglutition disorders -

tures (age of the patients, duration andideofluoroscopy - Video-

severity of the disease, presence andpharyngolaryngoscopy - Manometry
degree of dysphagia) were also as-

sessed. The results of our study

third of the cases it is present at the onset [7]. The oral and
pharyngeal phases of deglutition are the most compro-

mised as a consequence of the impairment of the lower
The degeneration of bulbar motor neurons in motor neur@anial nerves, whose motor nuclei degenerate in MND

disease (MND) leads to dysphagia, dysarthria, atrophy 48t

fasciculations of the tongue. Bulbar involvement generally Patients who develop dysphagia are at major risk for

occurs late in the course of the disease, but in about csmrere weight loss and aspiration and need supplemental

Introduction
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feeding through a percutaneous endoscopic gastrostomill of the patients were evaluated independently by two neurolo-
(PEG) [13, 29] or nasogastric tube. Oropharyngeal relgépts and classified as having mild, moderate, or severe neurological

bilitation might be useful in delaying the need for enter olvement. The evaluation was based on the presence and severity
of different objective neurological signs: muscle strength (Medical

feeding and in improving the quality of life of patientgesearch Council scale [22]), bulk and fasciculations, deep tendon
with neurogenic dysphagia [11, 27]. reflexes and involvement of cranial nerves. An oropharyngeal thera-

To provide appropriate assessment and treatment ffist examined patients’ oral, pharyngeal and laryngeal functions

patients with dysphagia owing to neuromuscular diseadg¥otor and sensory assessment, gag reflex) and ability in controlling
stural changes and respiratory functions.

we recently e_Stab“Shed a mUIt'd',SC'p“nary group In Pa&g The severity of dysphagia was rated according to the functional
ua, which includes neurologists, otolaryngologistais Severity Scale (ALSSS) of Hillel et al. [8] and classified as: ab-
oropharyngeal therapists, surgeons, radiologists and nugeit (normal swallowing or only nominal abnormalities, nominal ab-
tionists. Besides a detailed dietary history and a coordinftmalities being defined as when only the patient notices slight in-

s : : : A ications of dysphagia such as food lodging in the recesses of the
ed clinical evaluation, instrumental investigations are oftgrg " sticking in the throat; score 10-9 on the ALSSS), mild (mi-

required to better define the swallowing alterations [l swallowing difficulties, which allow an essentially regular diet;
36]. This is particularly important for oropharyngeal reh#solated choking episodes, prolonged mealtime and need of smaller
bilitation programmes, since the precise localization of thiée size may be present; score 8-7); moderate (diet limited primari-

; i ; ; ; ey to soft foods and need for some special meal preparation; score 6)
swallowing abnormalities is crucial for choosing SpeClﬁgfnd severe (liquefied diet, but oral intake still adequate; score 5). Pa-

rehabilitative manoeuvres and postures [19, 31, 35]. Afents who already needed enteral feeding when first examined
cording to the initial protocol of our group, MND patientgcore 4-1 of the same scale) were excluded. All of the diagnostic
suitable for oropharyngeal rehabilitation underwent a \irocedures described below (videofluoroscopy, videopharyng-

deofluoroscopic and videopharyngolaryngoscopic Studyﬁryngoscopy and oesophageal manometry) were performed with
e

. patients’ informed consent. The results of all three instrumental
swallowing, as well as pharyngo-oesophageal manome, estigations were evaluated in blinded fashion.

Radiological alterations of swallowing in MND patients Al of the patients were followed up at 2-month intervals. At
have been previously reported. One study, however, wash follow-up, the patients underwent a clinical reevaluation by a
performed with techniques less sensitive than those avagurologist, an oropharyngeal therapist and a dietitian. No instru-

: tal investigations were performed, apart from assessment of the
able nowadays [2], whereas the more recent studies Eiratory function, which we routinely perform at 2-month inter-

mainly focused on presurgical evaluation of patients Upss in all MND patients followed in our centre (data not shown).
dergoing cricopharyngeal myotomy [15, 37]. Here, we re-

port the results of the videofluoroscopic, video-

pharyngolaryngoscopic and manometric studies in ¥®eofluoroscopy

MND patients with different degrees of dysphagia fo{ﬁdeofluoroscopy [or modified barium swallow (MBS)] [6, 17] was

lowed in OUI_’ centre. The ava'lab'l_'ty of data from a 9roUtdrried out during swallowing of fluid and semisolid contrast medi-
of MND patients free of dysphagic symptoms allowed g (barium mixture of Prontobario HD, Bracco S.p.a., Milan, Italy).
to compare the pattern of their swallowing impairmeAtwater-soluble contrast (Gastrografin, Schering S.p.a., Milan, Italy)
with that observed in dysphagic patients and to ver s given when the risk of aspiration was suspected. The patient was

L. - . ted upright and observed with a four-view projection (anterior-
whether subclinical abnormalities might be detected. sterior, lateral, and oblique right and left). The bolus size was not

also compared the sensitivity of the three different tec@yibrated, but chosen by the patient in order to optimize the perfor-
nigues in detecting swallowing alterations and proposence and to resemble normal feeding as much as possible. The fol-

practical guidelines for the use of the instrumental invedfwing were assessed: oral stasis; loss of barium in the mouth vestib-

: ; . : ula during swallowing; repetitive tongue movements; incomplete or
gations in the management of dysphagic MND patients. inadequate velopharyngeal closure; vallecular, piriform or hypo-

pharyngeal stasis; incomplete epiglottic inversion; presence of aspi-
ration; functionality of upper oesophageal sphincter (UOS) and low-
er oesophageal sphincter (LOS); pharyngo-oesophageal motility. The
Patients and methods fluoroscopic studies were recorded on videotape Sony U-Matic VO

5800 PS using Sony XBR cassettes (Sony Corporation, Tokyo, Ja-

Twenty-three consecutive MND patients referred to our neurologi®an)-

centre over an 18 month period were evaluated. Only patients fulfill-

ing the following diagnostic criteria were considered: history of pro-

gressive muscle weakness, atrophy and fasciculations, absenc¥idgfopharyngolaryngoscopy

objective sensory involvement, absence of sphincter dysfunction,

electromyographic evidence of denervation in either at least thiddeopharyngolaryngoscopy [1] was performed using a fibrescope

spinal regions or in two spinal regions plus the bulbar region. (BF-P10; Olympus Optical Corp. Europe) connected to a video cam-
The following features were evaluated for each patient: age at ¢éne (telecam pal; Karl Storz Endoscopia, Italy). The video images

time of the study, time since onset of the disease, extent of neurolegre displayed on videotape Sony U-Matic (Sony VO 9600). Brief-

ical involvement, presence and degree of dysphagia. The patiéntthe patients were seated in a chair with head support. The endo-

were classified in clinical subtypes, as previously described [38tope was inserted through an anaesthetized nostril to view the na-

amyotrophic lateral sclerosis (ALS; lower motor neuron signs asdpharynx and then advanced to achieve a panoramic view of the

unequivocal upper motor neuron signs) ALS with probable uppgsase of tongue, larynx, piriform sinuses and posterior pharyngeal

motor neuron signs (ALS-PUMNS), progressive bulbar palsy (PBRall. The following were evaluated: presence or absence of pooled

dysphagia and dysarthria are the dominant symptoms, but concaaliva in the vallecula, piriform sinuses, base of tongue; clinging to

tant upper motor neuron signs may be present), progressive spimalpharyngeal walls. The endoscope was next advanced to the vocal

muscular atrophy (PSMA; only lower motor neuron signs). cords to inspect vocal fold motility, control and closure. The pres-
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Table 1 Clinical features of 23 motor neuron disease patievts ﬁjlnatyon of pharyngeal contractions and the percentage of UOS re-
male, F female,ALSamyotrophic lateral sclerosi®BP progressive laxation compared with the basal resting pressure. Data from
bulbar palsyPSMAprogressive spinal muscular atropMiND mo- 15 heal_thy subjects (mean_ age 34 years) were thalned for compari-
tor neuron disease) son, using the same technique and instrumentation.

Dysphagic Non-dysphagic

Statistical analysis

No. of cases Total 16 7 . o .
M 6 4 Given the non-normal distribution of the data, non-parametric tests
= 10 3 were used. The Spearman, the Mann-Whitney and the Fisher exact
test were used when appropriate.
Mean age (years) (SD) Total 64.5 (4.9) 51.6 (11.0)
M 65.6 (4.6) 44.8 (8.3)
F 63.8 (5.2) 60.6 (6.7) Results
Mean duration of Total 25.6 (26.7) 10.9 (4.4) Clinical features of the patients
symptoms (months) M 28.5(34.7) 11.3 (5.7)
(SD) F 23.9 (22.5) 10.3(2.9)
Clinical subtypes ALS 5 5 Twenty-three MND patients, 10 male and 13 female, were
(no. of cases) PBP 7 0 included in our study. Their clinical features are summa-
PSMA 4 2 rized in Table 1. Sixteen of the 23 patients complained of
_ _ dysphagia at the time of the study: according to the ALSS,
Severity of MND Mild 5 3 6 (3 PSMA, 2PBP, 1 ALS) had mild dysphagia, 9 (4 PBP,
(no. of cases) S(';A\/%‘::rate 74 22 4 ALS, 1 PSMA) showed moderate dysphagia and 1 (PBP)

exhibited a severe degree of dysphagia. The 7 patients
with absent dysphagia, or only nominal swallowing abnor-
malities, were classified as non-dysphagic.

Non-dysphagic patients had a significantly lower age at
ence of appropriate sensation was evaluated by touching sequeniggliset, mainly owing to a younger male population

various areas of the laryngopharynx with the tip of the fibresco } .
Deglutition tests were performed with the endoscope positioned[i%<o'05’ Mann-Whitney test). Of all the features analysed,

achieve a panoramic view of the laryngopharynx, while the patiéh@ presence of _dysphagia correlated significantly only
was given small amounts of yogurt and water coloured with methwith age, increasing over 60 yeaR<(.05, Fisher exact
ene blue. The efficacy of swallowing was evaluated based on thet).

amount and location of residual food after swallowing. The occur- . _ _ ; .

rence of aspiration was inferred by observing food spill into the af'r- In our clinical follow up, all non-dysphagic M.ND pa

way or in the epiglottis. lents developed dysphagia after a mean period of 7.4
months (range 4—27 months, SD 7.3) from our first clinical

evaluation.

Pharyngo-oesophageal manometry

Pharyngo-oesophageal manometry was performed with a low-cqm- fl

pliance infused system following the methodology already descri&‘lgeo uoroscopy

[28]. Briefly, a multilumen catheter was used: four side-holes were

located at the same level and oriented at 90° and four other siideofluoroscopy was performed in 20 patients, 13 with

holes were spaced at intervals of 5 cm. Data were %sphagia (4 mild and 9 moderate) and 7 without dysph-

quired at 20 and 50 Hz, and stored in a computer for further analy-: h L .
sis. The test was performed after an overnight fast. The cat la. The videofluoroscopic findings are shown in Table 2.

ter was passed through an anaesthetized nostril into the stomaediological alterations were found in 12 out of 13 with
and the gastric pressure was assumed as the baseline. The celirdcal dysphagia. As expected, the number and severity
ter was then withdrawn through the cardia by a puller dgf alterations was higher in the group of patients with

vice at a slow constant speed (1 mm/s), while the subj ; ; ; ;
breathed  normally. We — evaluated  the  resting  pr ‘?ﬁbderate dysphagia compared with the group with mild

e : . -

sure of the LOS, the overall and abdominal length. The catheééﬁs_phag_'a- All of the non-dysphagic patients also showed

was then positioned with the four radial side-holes located insikgdiological swallowing abnormalities.

the LOS, with the others 5, 10, 15 and 20 cm above, along the entireWe tried to identify the alterations that were more sen-

length of the gullet. The motor function of the oesophageal bognlive in disclosing dysphagia. These were: impairment of
a_

and the LOS relaxation at swallowing were assessed by 10 wet s | oh b | oh h | tilit
lows (5 ml of water) at intervals of 30 s. The amplitude, dur e oral phase, abnormal pharyngo-oesophageal motiity

tion and peristaltic characteristics of oesophageal contractions (p@fid incomplete relaxation of UOS (Fisher exact test). The
staltic, simultaneous or non-propagated) were considered. The same features were the most sensitive in revealing subclin-
tor function of the UOS and the pharynx was then assessed positjggt dysphagia. In fact, we found a trend of an inverse cor-

ing the four radial side-holes at the level of the UOS, hays .. D
ing two other side-holes in the pharynx, 5 and 10 cm abg{ﬁlatlon (Spearman'p=-0.50) between the number of

the UOS. Function at swallowing was evaluated with 5 wet swillese alternations in patients without dysphagia at the time
lows (10 ml of water), considering the amplitude, duration and coaf the study and early presentation of dysphagia in the fol-
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Table 2 Videofluoroscopic find-

ings in 20 MND patientss(sig- Alterationg Dysphagic Non-dysphagic

nificant, nsnot significantUOS (13 patients) (7 patients) P<0.05

upper oesophageal sphincter, ) - -

LOSlower Oesophagea| Sphinc_ O.ral stasis of residual barium 9 3 ns

ter) Piecemeal swallow 6 0 S
Vallecular, piriform or hypopharyngeal stasis 4 2 ns
Deviant epiglottic function 4 1 ns
Aspiration 6 0 S
Incomplete relaxation of UOS 7 6 ns
Decreased pharyngo-oesophageal motility 8 4 ns
Incomplete relaxation or hypotonia of LOS 3 1 ns
Normal 1 0 ns

aMore than one alteration may be present in the same patient

Table 3 Videopharyngolaryngoscopic findings in 22 MND patients Pharyngo-oesophageal manometry

Alterationg Dysphagic Non-dysphagic

(15 patients) (7 patients) P<0.05 Pharyngo-oesophageal manometry was performed in 20

patients. The evaluated patients showed LOS pressure and

Reduced velar elevation 5 1 ns length similar to controls, as well as amplitude and dura-
Laryngeal hypomobility 4 Y ns tion of contractions at any oesophageal level. However, as
Stasis in piriform sinuses 4 0 NS a group, when compared with controls, they showed a sig-
Abnormal swallow test S . -

with thick liquid (yogurt) 4 0 ns nlflcant reduct|pn both in the number of f:omplete LOS re-
with thin liquid (water) 3 0 ns laxations and in the percentage relaxation compared with
Aspiration 3 0 ns the resting LOS pressurB<0.05, Fisher exact test). They
Normal 7 6 ns also showed a reduction in the peristaltic propagation of

oesophageal contractions and a higher percentage of syn-
chronous and non-transmitted contraction sequences
(P<0.05, Mann-Whitney test).
In the pharyngo-oesophageal segment, UOS pressure
Alterationg Dysphagic  Non-dysphagid®<0.05 and length and amplitude of pharyngeal contractions were
(15 patients) (5 patients) again similar to those of healthy controls, but MND pa-
tients had a reduced number of complete UOS relaxations
and decreased percentage relaxation compared with UOS
resting tone. Further, they often showed a “shoulder” be-
fore the pharyngeal contraction, indicating a reduced com-

aMore than one alteration may be present in the same patient

Table 4 Manometric findings in 20 MND patients

Hypotonia of the
proximal pharynx 7 3 ns

Incomplete UOS

openin 4 4 ns . . .

P _g _ pliance of the oesophagus at this level [3]. Table 4 lists the
Alterations in oesophageal abnormal manometric findings observed. The alterations
body motility 1 0 ns PR . .

_ more sensitive in revealing dysphagia were abnormal UOS
Incomplete LOSopening 8 2 ns opening and hypotonia of the proximal pharynx (Fisher
Normal 3 1 ns exact test). The manometric test was normal in four pa-

. _ ) tients (three dysphagic and one non-dysphagic).
aMore than one alteration may be present in the same patient ( ysphag ysphagic)
bIncreased LOS resting pressure was also present

Discussion

low-up period. The lack of statistical significance is prob@he results of our study showed that in MND patients the
bly owing to the small number in our sample. oral phase of swallowing is the most compromised, fol-
lowed by the pharyngeal phase.
The oral phase is electively studied by videofluoro-
Videopharyngolaryngoscopy scopy, while the pharyngeal phase can be evaluated also
by videopharyngolaryngoscopy and, although with techni-
Twenty-two patients underwent videopharyngolaryngeal limitations, by manometry. When comparing the video-
scopy. This examination was not sensitive in detectifigoroscopic with the videopharyngolaryngoscopic find-
swallowing alterations either in dysphagic or in non-dysigs in the 19 patients who underwent both examinations,
phagic patients. In fact, it showed a normal pattern in 7Aileofluoroscopy showed a significantly greater sensitivity
dysphagic and in 6/7 non-dysphagic patients. The m@&0.05, chi-square test) in detecting swallowing alter-
common alterations are summarised in Table 3. ations, expecially when silent. Impairment of the oral
phase, abnormal pharyngo-oesophageal motility and in-
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complete relaxation of the UOS were the videofluoroeached. Furthermore, the interpretation of these data may
scopic changes most sensitive in disclosing dysphadia. biased by the fact that all our patients without dysph-
This pattern of alterations was not found in patients wiggia at the initial evaluation eventually developed degluit-
oropharyngeal dysphagia owing to other neuromuscuian problems. Although swallowing difficulties are com-
diseases [4]. The presence of aspiration was detectednioyn in MND, not all patients necessarily develop dysph-
videofluoroscopy in 6 dysphagic patients, in 3 of whoagia, but our limited series did not include any of the latter
aspiration was clinically silent, while videopharyngolaryrcases.

goscopy evidenced signs of aspiration in only 3 cases, allFinally, our data (Tables 2 and 3) confirm the role of vi-
with clinically evident aspiration. deofluoroscopy as a powerful technique in the assessment

A further advantage of videofluoroscopy is that it idemf oropharyngeal functionality, significantly more sensi-
tifies exactly when aspiration occurs (i.e. before, during tive than videopharyngolaryngoscopy in revealing degluti-
after the pharyngeal phase), giving crucial information fton abnormalities.
appropriate programmes of oropharyngeal rehabilitation Based on our experience with the multidisciplinary ap-
[18]. Moreover, even in the absence of radiological eyiroach to MND dysphagic patients, we developed the fol-
dence of aspiration, some videofluoroscopic alteratiolsving practical guidelines:
may be predictive of aspiration [30]. A. If a programme of oropharyngeal rehabilitation is

Manometric findings need to be interpreted with captanned, we always perform a preliminary videofluoro-
tion. Although as a group the MND patients had a highszopic study of swallowing, and an individualized treat-
number of incomplete UOS openings than controls and adent is carefully designed on the basis of the radiological
so a significantly increased “intra-bolus” pressure of tliadings and of the clinical evaluation [11, 27].
pharynx, dysphagia was only related to the presence d.alf videofluoroscopy is not available, or if the patient
defective oropharyngeal phase of swallowing, as showndannot be positioned for the study or is bedridden, we rec-
videofluoroscopy. Incomplete UOS opening at swallowirgmmend at least a videopharyngolaryngoscopic study of
was equally present both in dysphagic and non-dysphagiallowing. Although less sensitive than videofluoro-
patients, but only one patient with dysphagia had an stopy, videopharyngolaryngoscopy is accurate in exclud-
tered UOS function with no defective oral phase of swahg other organic causes of dysphagia and can also indi-
lowing. These data confirm that the main cause of dyspbetly detect the presence of aspiration more reliably than
agia in MND patients is a defective oral phase of swalloan isolated clinical evaluation [12, 26].
ing and that only a minority of patients show UOS dy&. From our personal experience on a limited number of
function and could benefit from cricopharyngeal myotonpatients, we do not suggest the use of videofluoroscopy in
[21]. This may explain the contrasting results aftédND patients who still do not complain of dysphagia. The
cricopharyngeal myotomy in these patients, as reportediimding of subclinical swallowing alterations in non-dysph-
the literature [5, 14, 15, 20, 23-25, 37]. agic MND patients is at the moment of no practical use,

We found a correlation between the age at the momesinice no preventive therapies are available. Moreover,
of the study and the risk of developing dysphagia. Noknowledge of these alterations (the significance of which
specific alterations of the oropharyngeal phase of swallow-still not clear) may have a negative psychological effect
ing have been described with aging in the normal poputar already compromised patients, increasing the concern
tion [34], but they do not seem to significantly impair thef patients and families about a complication that, al-
dynamics of swallowing [10]. We cannot exclude, howethough probable, might also not accur, or occur at a very
er, that they may contribute to dysphagia in our MND pojate stage of the disease.
ulation.

An interesting observation of the present study is tﬁg_knowl_edgements Dr. Bria_ni is supported by a Telethor_1 fellow-
videofluoroscopic finding of asymptomatic swallowing algggégrr‘]'gs"":r:; ﬁ"‘;]aasnggl‘?n‘t’gﬁgst{‘; fﬁgpftﬁ d?/f. MURST. Neither asso
terations in all non-dysphagic MND patients. Abnormal
radiological findings in MND patients without clinical evi-
dence of dysphagia have been previously reported [15,

32]. It should, however, be noted that the possibility of
false positives cannot be formally excluded, given the ab-
sence (for obvious ethical reasons) of an age-matched con-
trol group of normal subjects. However, the most common
pattern of changes observed in our non-dysphagic popula-
tion is similar to that found in the dysphagic group, sug-
gesting that these changes might be subclinical or preclini-
cal swallowing alterations. The results of the ongoing fol-
low-up study of our MND population seem to support this
hypothesis. The small humber of non-dysphagic patients,
however, does not permit a general conclusion to be
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